Non-timber forest products (NTFPs) strongly contribute to livelihood security of forest-adjacent communities. This study examined the impacts of their harvesting on tree species diversity at the periphery of Mbam and Djerem National Park (Cameroon). Tree species diversity, with diameter at breast height (dbh) ≥ 10 cm, was analyzed in small plots (10 × 100 m) along seven 1-ha transects. Species diversity and floristic composition of undisturbed and disturbed sites were compared in order to obtain an indication of the impact of harvesting NTFPs. A total of 1294 stems was recorded, representing 99 species, 96 genera and 36 families. Shannon diversity index values were highest in undisturbed sites (H' > 3.5 bits), and lower in disturbed sites (H' < 3.5 bits). Analysis of variance showed significant differences in mean diversity measures between the two sites (p = 0.047). Mean number of stems cut within the disturbed sites was 15.5 ± 5.5 stems ha -1 . The park's region was found to be rich in Euphorbiaceae, Caesalpiniaceae and Annonaceae. The survey highlighted the effectiveness of harvesting NTFPs in the region and its impacts on tree species diversity. Efforts should be made more in order to improve the protection of the park, and the development of a suitable regional conservation of biodiversity.
INTRODUCTION
Forest-dwellers across the globe have a long history of dependence on a wide array of forest products for household sustenance and sale, with some 1.4 to 1.6 billion people worldwide estimated to make use of at least some non-timber forest products (NTFPs). These products are collected from natural forests, woodlands surrounding dweller's villages and homesteads, and may include food, forage, medicinal plants, construction materials, fuelwood, raw materials for handicrafts, and other products such as resins and honey (Akerele et al., 1991; Panayotou and Ashton, 1992; Belcher, 2003; Vedeld et al., 2004) . Their commercialization can ideally provide an economic incentive for the preservation of forests, but the viability of this depends on the production systems employed and the extraction intensity (Belcher et al., 2005) . Therefore, from an ecological perspective, NTFP harvest sustainability requires not only that the species are able to persist over the long-term, but also that harvest does not negatively affect community and ecosystem functions.
In Africa, non-timber forest products represent direct inputs to satisfy different household needs. While some of them are important export commodities, such as bamboo, essential oils, honey, mushrooms, or plant parts for pharmaceutical products, others provide raw materials for further processing and create employment opportunities at a local level. Often they are only means for forest-dwellers to enter the cash economy (Avocèvou-Ayisso et al., 2009; Camou-Guerrero et al., 2008; Delvaux et al., 2009; Hermans et al., 2004) . Experiences with non-timber forest products have been mixed, largely due to difficulties of sustainable harvesting, the economically unviable commercialization of little-known products, and the lack of biological and ecological information on many potential useful species (Belcher and Schreckenberg, 2007) . The use of Gnetum africanum, Gnetum buchholzianum, Garcinia lucida and Prunus africana from Central Africa to Europe is mentioned (Van Dijk, 1999; Laird et al., 2010) . The case of gum Arabic in Nigeria, West Africa, in relation to supporting rural livelihoods as well as affecting the national and international markets has been cited (Tchatat, personal communication) . There are tens of thousands of NTFP species, and there are only a few for which there have been detailed studies on their autoecology and the ecological effects and sustainability of harvesting (Ticktin and Shackleton, 2011; Vantomme, 2003) . Protected areas remain the most commonly implemented means of formally conserving biodiversity and have been established in almost every country in the world (Chape et al., 2005; Coad et al., 2009) . In theory, the majority of protected areas regulates and restricts access, denying millions of rural dwellers usufruct rights from forest lands they often previously relied upon for their livelihoods (Cernea, 2005) . In spite of their extensive coverage, protected areas have been relatively poor at conserving the full representative range of biodiversity (Rodrigues et al., 2004) , and most of the world's biodiversity remains at the periphery, even in complex multi-functional landscapes occupied by people (Alcorn, 1993; Putz et al., 2001; Sayer and Maginnis, 2005) .
Most local farmers living adjacent to the Mbam and Djerem National Park in Cameroon depend directly and immediately on non-timber forest products. Commercial use of NTFPs in that region is thus seen as one way to lift people out of poverty. Two species are harvested and traded for their fruits on a regional scale. These are Beilschmiedia anacardioides and Beilschmiedia jacquesfelixii. Another species is traded and exported on a large scale, used also for its fruits that provide substantial income to rural inhabitants, Xylopia aethiopica (Souare, 2006) . However, the harvest is not done properly since the individuals are systematically felled with axes (Figure1). Little is known about the biology of the organisms and ecological responses of plant communities Konsala et al. 291 to the commercial harvest. It is known that NTFP harvest systems can have impacts at multiple ecological scales, from individuals to ecosystems; that may alter the structure and composition of plant community. Following insights from previous research, we hypothesized that all harvesting NTFPs at the periphery of Mbam and Djerem National Park does have an ecological impact, and that overuse can significantly change the composition and structure of the forest. The survey was conducted specifically to:
1. Study the tree species diversity and floristic composition within and outside the park. 2. Assess the ecological effects of harvesting non-timber forest products on tree species diversity at the periphery of the park.
MATERIALS AND METHODS

Study site
The study was carried out within and outside the Mbam and Djerem National Park in Cameroon. The park covers an area of 416 512 ha and lies between 5°30' to 6°13' N and 12°23' to 13°10' E (Figure 2) , at the northern part of the Congo basin rainforest. The geological substratum consists of a series of gneiss and undifferentiated granites. The study area is characterized by two seasons: the wet season that extends from April to November and the dry season occurs from December to March (Souare, 2006) . The mean annual precipitation is 1 765.52 ± 214.17 mm, with a mean monthly temperature ranging from 22.2 to 27.7°C. The hydrography of the area is dense, with many rivers, rivers flowing on rocky beds, small waterfalls and the great river Djerem.
The main vegetation type consists of semi-deciduous forest, gallery forest and savannas (Letouzey, 1985) . Most of the people live at the periphery of the park (Figure 2) , and rely solely on agriculture, livestock and forest resources to meet their basic needs. Non-timber forest products exploitation has been extensive in some areas, mainly in the northern and eastern part of the park.
Data collection
Representative and homogeneous vegetation types were selected on the basis of physical and anthropogenic disturbance of the forest. Sampling was done from June to August 2011 using the transect method to determine the vegetation cover, developed by Lejoly (1993) , Condit (1995) , and Guedje (2002) . Seven 1-ha (10 m × 1000 m) linear transects were established within and outside the park (Figure 2) , with a total of 70 plots established along the seven transects, for data collection. The plots were rectangular, measuring 100 m × 10 m. Three transects (T1, T2 and T3) were located within the park; four other transects (T4, T5, T6 and T7) were located at the catchment of the park. T6 and T7 were established in the northern and eastern sectors, respectively, where the three main species, namely Xylopia aethiopica, Beilschmiedia anacardioides and Beilschmiedia jacques-felixii, are exploited for their non-timber products (Figure 1 ). The transects were established in the sites situated near the park where no other human land use was noticed. T4 and T5 were established in the other sectors of the park where no human activity was noticed, even the collection of NTFPs. All transects were recorded with a global positioning system (GPS) (Garmin Map 62S).
Within each transect, all trees with a diameter at breast height (dbh) ≥ 10 cm were recorded and characterized by the following attributes: species name and dbh. The dbh was measured with a diameter tape (Jackson MS) at 1.3 m above ground level. For buttressed trees, the dbh was taken 30 cm above the buttresses. Identification of the most common species was done directly in the field whenever possible. Voucher specimens were prepared for unidentified species and deposited at Yaoundé national herbarium (YA) for identification. Identifications were also done with the help of "Flora of West tropical Africa" (Hutchinson et al., 1972; Tailfer, 1990; Keay, 1989) , and the different volumes of "Flora of Cameroon".
To assess the ecological effects of harvesting non-timber forest products on tree species, both the number of destroyed and standing trees was recorded. Tree diversity species and floristic composition within disturbed and undisturbed sites were compared.
Data processing and analysis
Plant species were sorted out into different life forms. We assessed diversity with Shannon-Weaver diversity index (H') (Magurran, 2004 ), Shannon's Evenness index (EQ), and Simpson diversity index (D). Diversity index takes into account not only the number of species but also whether species are more or less equally abundant, or whether in contrast one or a few species dominate. 
where Ni is the specific contribution of species i for the vegetation cover.
Mean comparisons of the diversity indices between disturbed and undisturbed areas were done using ANOVA test.
Correlation between the index values was determined using a multivariate analysis, principal component analyses (PCA). This is a statistical procedure where the effects of several factors under investigation are ranked based on their magnitudes of interaction. Similarities between transects based on floristic diversity were determined using Sorensen's similarity index which was computed, based on presence/absence data on the species. It was calculated from the following equation: Cs = where j = number of species held in common, a = number of species found at only site A and b = number of species found at only site B. This index potentially varies between 0 and 1, and a value close to 1 indicates greater similarity between transects, and hence low β-diversity (Magurran, 2004) .
We compared the altitude values of disturbed and undisturbed areas using Kruskal-Wallis test. Structural characteristics (stem density, basal area, and mean diameter) were computed for each transect and averaged per vegetation unit for all individuals with a Konsala et al. 293 dbh ≥ 10 cm.
To describe the ecological importance of species and families within each transect as well as for the total flora, the species importance value index (IVI) (Curtis and McIntosh, 1951) , and family importance value index (FIV) (Mori et al., 1983) , were also calculated:
Relative abundance = (number of trees of the species or family/total number of trees) × 100 Relative frequency = (frequency of a species/sum of all frequencies) × 100 Family relative diversity = (number of species in a family/total number of species) × 100 IVI = relative density + relative frequency + relative dominance FIV = family relative diversity + relative density + relative dominance All the statistical analyses were performed with R software version 2.14.1. The Vegan package developed by Oksanen et al. (2010) was used to calculate diversity indices. The graphs were performed with Microsoft Office Excel 2007 software.
RESULTS
Tree diversity and species richness within and outside the park
A total of 1294 stems of dbh ≥ 10 cm was recorded within the seven transects (Table 1) . The number of species was lower in disturbed sites (23 species and 20 species for T6 and T7 respectively). The Shannon diversity index (H') values were highest in undisturbed sites; they varied from 4.15 to 6.00 bits. Values of the Shannon diversity index were lower in disturbed sites (H' ranged from 2.56 to 2.66 bits) ( Table 1) respectively) ( Table 1 ). The mean number of stems cut within the disturbed sites for harvesting NTFPs was 15.5 ± 5.5 stems ha -1
.
Floristic composition
The 10 most important families (those of the highest values of FIV index) represented less than 30% of all families, but accounted for 48.28% of the total FIV of all transects considered together ( Table 2 ). The most species-rich families were Euphorbiaceae (13 species), Caesalpiniaceae (9 species), Mimosaceae (6 species), Moraceae (5 species), Annonaceae (4 species) and Sapotaceae (4 species). Species of these most important families differed in their distribution between transects (Table 2) . Euphorbiaceae, Caesalpiniaceae, Mimosaceae, Moraceae, Annonaceae, Olacaceae and Burseraceae were most dominant, contributing primarily to the floristic composition of the canopy, and accounted for much of the basal area recorded in the transects. Euphorbiaceae and Olacaceae owed their high FIV values to their abundance, contributing mostly to the understory with numerous individuals, but exhibiting a rather low basal area.
The output of IVI analysis showed that Uapaca guineensis (16.75), Xylopia aethiopica (16.40), Maprounea membranacea (13.45), Berlinia grandiflora (13.30) and Trilepisium madagascariense (12.76) were the five most dominant species (Table 3) . These species constituted 25.41% of the total importance value index, while the majority of the species (91.91%) had IVI of less than 10 (Figure 4) . The families containing the ten species with the highest IVI values included Euphorbiaceae (2 species), Caesalpiniaceae (2 species), Annonaceae, Moraceae, Mimosaceae, Olacaceae, Bombacaceae and Meliaceae. A large group of species was represented by only one individual in the overall sample of the seven transects together (45 species, representing 45.45% of the total). Some species were found exclusively in one or two transects (63 species, representing 63.63% of the total). Only three species (3.03%) occurred in all seven transects: Trilepisium madagascariense, Strombosiopsis tetrandra and Olax subscorpioides; T. madagascariense and S. tetrandra ranked among the 10 most important species. Six species were sampled in six transects, eight in four transects (representing 6.06 and 8.08 % respectively of the total number of species).
Similarity among plant communities
Sorensen's similarity coefficient among undisturbed communities was presented in Table 4 . It varied from 0.35 to 0.56. The community T1 shared a great number of species with T2 (t test, p = 0.38) and T5 (t test, p = 0.07); (Cs = 0.56 and 0.50 respectively). The communities T3 and T2 shared lower number of species with T5 and T4(Cs = 0.35 and 0.36, respectively). Altitude values varied slightly between disturbed and undisturbed sites (Kruskal-Wallis test, p = 0.31). 
DISCUSSION
Tree diversity of Mbam and Djerem National Park area and impacts of harvesting NTFPs on communities
Forest communities considered rich are characterized by a Shannon diversity value of about 3.5 bits or higher (Kent and Coker, 1992) . The seven 1-ha transects established within and outside the Mbam and Djerem National Park showed different values of Shannon's index. The undisturbed sites (T1, T2, T3, T4 and T5) had high values of Shannon's diversity (H' > 3.5 bits; Table 1 ). They can accordingly be considered very diverse. As shown by similar results in previous studies (Pitman et al., 2002) , such high diversity seems to be derived from a great abundance of rare species. All tropical forests have rare species, which generally present high risk of at least local extinction (Kenfack et al., 2006) . The high evenness observed in undisturbed sites indicates the floristic stability of the sites. Sonké (1998) observed that ecosystems that have reached a level of maturity, and that are not subject to disruptive constraints have high evenness index value (0.6 < EQ ≤ 0.8). In this study, 16 to 28 families were inventoried in each 1-ha transect of the undisturbed sites, which falls in the medium of the range of 16 to 58 families found for tropical forests as a whole (Gentry, 1988; Campbell et al., 1992) . The disturbed sites (T6 and T7) due to NTFPharvesting showed low values of Shannon's diversity index (H' = 2.66 and 2.56 bits respectively). They had low evenness index values (EQ ≤ 0.6). Dajoz (1982) reported that ecosystems that are in a transitional state or that are subject to permanent disturbances have low evenness index value. The low evenness of the sites can be attributed to the anthropogenic disturbances. The results had shown significant difference in mean diversity measures between disturbed and undisturbed sites (ANOVA test, p = 0.047). Mean altitude values differed slightly between the sites (Kruskal-Wallis test, p = 0.31). Furthermore, 15 families were inventoried in each 1-ha transect of the disturbed sites, this result falls out of the medium of the range of 16 to 58 families found for tropical forests (Gentry, op. cit.) . The mean number of stems cut within the disturbed sites for harvesting NTFPs was 15.5 ± 5.5 stems ha -1 . Parren (1991) pointed out that when harvesting is high and 8 to 12 stems destroyed per ha, damages caused to the plant communities are very significant, notably to intermediate strata and the regeneration.
Floristic composition and its significance
In terms of family index value (FIV), Euphorbiaceae was the most important family throughout the study site (Table  2) . It was followed by Caesalpiniaceae and Annonaceae. Euphorbiaceae and Caesalpiniaceae had two species each with the highest IVI values (Table 3) . This result corroborates the findings of Letouzey (1985) who characterized forests of the southern Adamawa plateau in Cameroon as transitional forest rich in Euphorbiaceae and Caesalpiniaceae. The importance of the Caesalpiniaceae family in the site is also one of the characteristics of the Guineo-Congolian forests (White, 1983) . Other important families such as Olacaceae and Burseraceae are also known to be good indicators of old evergreen atlantic forests (Senterre et Lejoly, 2001; Gonmadje et al., 2011) . Doucet (2003) also showed, in the case of Gabon's rainforests, that high levels of endemism were associated with high dominance of Caesalpiniaceae and Olacaceae. As such, Mbam and Djerem National Park area might be rich in endemic species.
Similarity among undisturbed communities and the significance
Similarity in species composition varied among communities along altitudinal gradient. The relative discontinuity in species composition between communities T3/T5 and T2/T4 could be attributed to the marked transition in altitude among these communities. The similarity in species composition among communities appeared to arise mainly between T1/T2 (t test, p = 0.38), and T1/T5 (t test, p = 0.07). This could be attributed to the location of these communities at lower altitudes. Such an altitudinal transition governs microclimatic conditions such as temperature, radiation, moisture and the nature of substrate which in turn influence plant growth and recruitment (Teshome et al., 2004; Tadesse et al., 2008). According to Sonke (1998), Cs ≥ 0.5 means that the communities i and j compared belong to the same plant community or have near floristic composition.
Conclusion
Non-timber forest products harvesting can have significant impacts at multiple ecological scales, from individuals to ecosystems. It may alter the structure and composition of plant communities. People living adjacent to the Mbam and Djerem National Park in Cameroon depend directly and immediately on NTFPs, and their commercial use in that region is thus seen as one way to lift people out of poverty. While the livelihood benefits of NTFPs have been widely acknowledged, the contribution of NTFP sector in that region to biodiversity conservation is less certain. Our study has shown that harvesting NTFPs has negative ecological impact on tree species diversity in the region. Plant communities in disturbed sites were characterized by lower Shannon diversity and evenness index values, comparing with undisturbed sites where these index values are highest. Mean diversity measures differed significantly between the two sites (ANOVA test, p = 0.047). Mean altitude values differed slightly between the two sites (Kruskal-Wallis test, p = 0.31). One obvious outcome from our analysis is that by the criteria of high diversity and the presence of a large number of rare species (Myers et al., 2000; Kyer et Bartthlott, 2001) , the Mbam and Djerem National Park region is of great conservation value, and the excessive utilization of the species may put the species at risk. More effort is required to improve the protection of the park and its periphery, and the development of a suitable regional conservation of biodiversity.
